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The medium modifications of the energies of kaons and antikaons in isospin asymmetric hyperonic
matter are investigated using a chiral SU(3) model. The isospin dependent medium effects, are
important for asymmetric heavy ion collision experiments, as well as relevant for the neutron star
phenomenology as the bulk matter in the interior of the neutron star is highly isospin asymmetric.
The effects of hyperons on the medium modifications of the kaons and antikaons in the strange
hadronic matter are investigated in the present work and are seen to be appreciable for hadronic
matter with large strangeness fractions. The study of the K-mesons in the asymmetric strange
hadronic matter can be especially relevant for the compressed strange baryonic matter which can
result from asymmetric heavy ion collision experiments in the future accelerator facility FAIR at
GSI.
PACS numbers: 24.10.Cn; 24.10.-i; 25.75.-q; 13.75.Jz
I. INTRODUCTION
The topic of study of the in-medium properties of hadrons is an important problem in strong interaction physics,
which has relevance in the high energy heavy-ion collision experiments, as well as in neutron star phenomenology. In
heavy ion collision experiments, the medium modifications of the hadrons can be seen in different observables, like
particle yield, particle spectra as well as in their collective flow. The study of medium modifications of K-mesons were
initiated by Kaplan and Nelson [1], who suggested the possibility of antikaon condensation in the interior of the neutron
stars due to the drop in the mass of the antikaons in the nuclear medium. However, recent experimental observations
on neutron star phenomenology impose constraints on the nuclear equation of state (EOS). The EOS for the nuclear
matter obtained using an efective model should be consistent with the astrophysical bounds to be acceptable as an
EOS for neutron star matter [2, 3]. Recently, the nuclear matter EOS have been investigated consistent with the
neutron star phenomenology as well as data for collective flow in heavy ion collision experiments [4]. The in-medium
modification of kaon/antikaon properties can be observed experimentally [5, 6, 7, 8, 9] in relativistic nuclear collisions
from their abundance, spectra as well as collective flow. There have also been intense theoretical investigations
[10, 11, 12, 13, 14, 15, 16, 17, 18, 19] on the kaon and antikaon properties in the dense and hot hadronic matter,
and to study the effects of such modifications on the observables of the high energy heavy ion collision experiments.
Hence there have been extensive research to obtain the in-medium properties of kaons and antikaons due to their
relevance for the high energy heavy ion collision epxeriments. These have been calculated by using several methods
like extracting from kaonic atom data, using chiral lagrangians or by coupled channel methods [20]. However, the
kaon/antikaon potential in the hot and dense hadronic matter remains still an unresolved issue.
The isospin effects in hot and dense hadronic matter [22] are important in isospin asymmetric heavy-ion collision
experiments. Within the UrQMD model the density dependence of the symmetry potential has been studied by
investigating observables like the π−/π+ ratio, the n/p ratio, the ∆−/∆++ ratio, NN scattering cross section and
pion flow for neutron rich heavy ion collisions [23]. Within this UrQMD model, the isospin effects on the production
of K0 and K+ [24] have also been studied.
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2In [21] it was pointed out that one has to take into account the effect of the Haar measure in mean field approxima-
tions of non-linear chiral models, which is especially relevant in the high-temperature regime. An extended discussion
of the model presented here, including this contribution should be performed in future studies.
In the present investigation we use a chiral SU(3) model [25, 26] for the description of hadrons in the medium. The
model has been used to study nuclear matter, finite nuclei, and hyperonic matter. The properties of the vector mesons
have also been investigated in the nuclear medium within this model [26, 27]. The energies of kaons (antikaons) in the
(asymmetric) nuclear matter [28, 29, 30] were also studied within this framework and the isospin dependence was seen
to be appreciable for high densities abd hence will be particularly relevant in the future compressed baryonic matter
(CBM) experiment at FAIR, GSI. The kaon and antikaon properties have been investigated consistent with the low
energy KN scattering data [31, 32]. In the present work, we investigate the effect of strangeness on the kaon and
antikaon optical potentials in the isospin asymmetric hyperonic matter, consistent with the low energy kaon nucleon
scattering lengths for channels I=0 and I=1 [29, 30].
The outline of the paper is as follows: In section II we shall briefly review the SU(3) model used in the present
investigation. Section III describes the medium modification of the K(K¯) mesons in this effective chiral model. In
section IV, we discuss the results obtained for the optical potentials of the kaons and antikaons and the isospin-
dependent effects on these optical potentials in asymmetric hyperonic matter. Section V summarizes our results and
discusses possible extensions of the calculations.
II. THE HADRONIC CHIRAL SU(3)× SU(3) MODEL
The effective hadronic chiral Lagrangian used in the present work is given as
L = Lkin +
∑
W=X,Y,V,A,u
LBW + Lvec + L0 + LSB (1)
are discussed. Eq. (1) corresponds to a relativistic quantum field theoretical model of baryons and mesons adopting
a nonlinear realization of chiral symmetry [33, 34, 35] and broken scale invariance (for details see [25, 26, 27]) as
a description of the hadronic matter. The model was used successfully to describe nuclear matter, finite nuclei,
hypernuclei and neutron stars. The Lagrangian contains the baryon octet, the spin-0 and spin-1 meson multiplets
as the elementary degrees of freedom. In Eq. (1), Lkin is the kinetic energy term, LBW contains the baryon-
meson interactions in which the baryon-spin-0 meson interaction terms generate the baryon masses. Lvec describes
the dynamical mass generation of the vector mesons via couplings to the scalar fields and contains additionally
quartic self-interactions of the vector fields. L0 contains the meson-meson interaction terms inducing the spontaneous
breaking of chiral symmetry as well as a scale invariance breaking logarithmic potential. LSB describes the explicit
chiral symmetry breaking.
The baryon-scalar meson interactions generate the baryon masses and the parameters corresponding to these in-
teractions are adjusted so as to obtain the baryon masses as their experimentally measured vacuum values. For the
baryon-vector meson interaction terms, there exist the F -type (antisymmetric) and D-type (symmetric) couplings.
Here we will use the antisymmetric coupling [25, 29] because, following the universality principle [36] and the vector
meson dominance model, one can conclude that the symmetric coupling should be small. Additionally we choose the
parameters [25, 29] so as to decouple the strange vector field φµ ∼ s¯γµs from the nucleon, corresponding to an ideal
mixing between ω and φ. A small deviation of the mixing angle from the ideal mixing [37, 38, 39] has not been taken
into account in the present investigation.
The Lagrangian densities corresponding to the interaction for the vector meson, Lvec, the meson-meson interaction
L0 and that corresponding to the explicit chiral symmetry breaking LSB have been described in detail in references
[25, 29].
To investigate the hadronic properties in the medium, we write the Lagrangian density within the chiral SU(3)
model in the mean field approximation and determine the expectation values of the meson fields by minimizing the
thermodynamical potential [26, 27].
III. KAON (ANTIKAON) INTERACTIONS IN THE CHIRAL SU(3) MODEL
In this section, we derive the dispersion relations for the K(K¯) [40] and calculate their optical potentials in asym-
metric [29, 30] hadronic matter, taking into the effects from hyperons. The modifications of the kaon and antikaon
3energies arise due to the effects from scalar mesons, scalar-isovector δ meson and due to interactions with the nucleons
and hyperons. The interactions of kaons and antikaons with the baryon octet is due to the vectorial Weinbberg-
Tomazawa as well as due to terms similar to the range term in chiral perturbation theory. It might be noted here
that the interaction of the pseudoscalar mesons to the vector mesons, in addition to the pseudoscalar meson–nucleon
vectorial interaction leads to a double counting in the linear realization of the chiral effective theory [41]. Within the
nonlinear realization of the chiral effective theories, such an interaction does not arise in the leading or sub-leading
order, but only as a higher order contribution [41]. Hence the vector meson-pesudoscalar interaction will not be
considered within the present investigation. In the following, we shall derive the dispersion relations for the kaons and
antikaons and study the dependence of the kaon and antikaon optical potentials on the isospin asymmetric parameter,
η = 12 (ρn−ρp)/ρB. For this, we shall include the effects from isospin asymmetry originating from the scalar-isovector
δ field, vectorial interaction with the nucleons, an isospin symmetric range term [29] as well as an isospin dependent
range term arising from the interaction with the nucleons [30]. In the present investigation, we include the effects
from the hypoerons to study the kaon and antikaon properties, which were not taken into account in the earlier works.
The interaction Lagrangian modifying the energies of the K(K¯)-mesons is given as
LKN = − i
4f2K
[(
2p¯γµp+ n¯γµn− Σ¯−γµΣ− + Σ¯+γµΣ+ − 2Ξ¯−γµΞ− − Ξ¯0γµΞ0
)
×
(
K−(∂µK
+)− (∂µK−)K+
)
+
(
p¯γµp+ 2n¯γµn+ Σ¯−γµΣ− − Σ¯+γµΣ+ − Ξ¯−γµΞ− − 2Ξ¯0γµΞ0
)
×
(
K¯0(∂µK
0)− (∂µK¯0)K0
)]
+
m2K
2fK
[
(σ +
√
2ζ + δ)(K+K−) + (σ +
√
2ζ − δ)(K0K¯0)
]
− 1
fK
[
(σ +
√
2ζ + δ)(∂µK
+)(∂µK−) + (σ +
√
2ζ − δ)(∂µK0)(∂µK¯0)
]
+
d1
2f2K
(p¯p+ n¯n+ Λ¯0Λ0 + Σ¯+Σ+ + Σ¯0Σ0 + Σ¯−Σ− + Ξ¯−Ξ− + Ξ¯0Ξ0)
× ((∂µK+)(∂µK−) + (∂µK0)(∂µK¯0)
)
+
d2
2f2K
[
(p¯p+
5
6
Λ¯0Λ0 +
1
2
Σ¯0Σ0 + Σ¯+Σ+ + Ξ¯−Ξ− + Ξ¯0Ξ0)(∂µK
+)(∂µK−)
+ (n¯n+
5
6
Λ¯0Λ0 +
1
2
Σ¯0Σ0 + Σ¯−Σ− + Ξ¯−Ξ− + Ξ¯0Ξ0)(∂µK
0)(∂µK¯0)
]
(2)
In (2) the first term is the vectorial interaction term (Weinberg-Tomozawa term) obtained from the kinetic term of
the Lagrangian, the second and third terms are obtained from the explicit symmetry breaking and the pseudoscalar
kinetic terms of the chiral effective Lagrangian repectively [29, 30]. The fourth and fifth terms in (2) for the KN
interactions arise from the terms
LBM(d1) =
d1
2
Tr(uµu
µ)Tr(B¯B), (3)
and,
LBM(d2) = d2Tr(B¯uµuµB). (4)
in the SU(3) chiral model [28, 29]. The last three terms in (2) represent the range term in the chiral model, with the
last term being an isospin asymmetric interaction. We might note here that in equation (2), we have not written the
terms which are of the form B¯iBj , with i 6= j. These types of terms are however relevant for the calculation of the
kaon-nucloen scattering terms [30]. The Fourier transformation of the equation-of-motion for kaons (antikaons) leads
to the dispersion relations,
−ω2 + ~k2 +m2K −Π(ω, |~k|) = 0,
where Π denotes the kaon (antikaon) self energy in the medium.
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FIG. 1: The kaon energies (for K+ in (a) and for K0 in (b)) in MeV plotted as a functions of the baryon density, ρB/ρ0 for
fs=0.1 and for different values of the isospin asymmetry parameter, η =
1
2
(ρn − ρp)/ρB .
Explicitly, the self energy Π(ω, |~k|) for the kaon doublet, (K+,K0) arising from the interaction (2) is given as
Π(ω, |~k|) = − 1
4f2K
[
3(ρp + ρn)± (ρp − ρn)± 2(ρΣ+ − ρΣ−)−
(
3(ρΞ− + ρΞ0)± (ρΞ− − ρΞ0)
)]
ω
+
m2K
2fK
(σ′ +
√
2ζ′ ± δ′)
+
[
− 1
fK
(σ′ +
√
2ζ′ ± δ′) + d1
2f2K
(ρps + ρ
n
s + ρ
s
Λ0 + ρ
s
Σ+ + ρ
s
Σ0 + ρ
s
Σ− + ρ
s
Ξ− + ρ
s
Ξ0)
+
d2
4f2K
(
(ρsp + ρ
s
n)± (ρsp − ρsn) + ρsΣ0 +
5
3
ρsΛ0 + (ρ
s
Σ+ + ρ
s
Σ−)± (ρsΣ+ − ρsΣ−)
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FIG. 2: The energies of the antikaons (for K− in (a) and for K¯0 in (b)), at zero momentum as functions of the baryon density
(ρB/ρ0), are plotted for fs=0.1 and for different values of the isospin asymmetry parameter, η.
+ 2ρsΞ− + 2ρ
s
Ξ0
)]
(ω2 − ~k2), (5)
where the ± signs refer to the K+ and K0 respectively. In the above, σ′(= σ − σ0), ζ′(= ζ − ζ0) and δ′(= δ − δ0)
are the fluctuations of the scalar-isoscalar fields σ and ζ, and the third component of the scalar-isovector field, δ,
from their vacuum expectation values. The vacuum expectation value of δ is zero (δ0=0), since a nonzero value for it
will break the isospin symmetry of the vacuum (the small isospin breaking effect coming from the mass and charge
difference of the up and down quarks has been neglected here). ρi and ρ
s
i with i = p, n,Λ,Σ
±,Σ0,Ξ−,Ξ0 are the
number density and the scalar density of the baryon of type i.
Similarly, for the antikaon doublet, (K−,K¯0), the self-energy is calculated as
Π(ω, |~k|) = 1
4f2K
[
3(ρp + ρn)± (ρp − ρn)± 2(ρΣ+ − ρΣ−)−
(
3(ρΞ− + ρΞ0)± (ρΞ− − ρΞ0)
)]
ω
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FIG. 3: The kaon energies (for K+ in (a) and for K0 in (b)) in MeV plotted as a functions of the baryon density, ρB/ρ0 for
fs=0.3 and for different values of the isospin asymmetry parameter, η =
1
2
(ρn − ρp)/ρB .
+
m2K
2fK
(σ′ +
√
2ζ′ ± δ′)
+
[
− 1
fK
(σ′ +
√
2ζ′ ± δ′) + d1
2f2K
(ρps + ρ
n
s + ρ
s
Λ0 + ρ
s
Σ+ + ρ
s
Σ0 + ρ
s
Σ− + ρ
s
Ξ− + ρ
s
Ξ0)
+
d2
4f2K
(
(ρsp + ρ
s
n)± (ρsp − ρsn) + ρsΣ0 +
5
3
ρsΛ0 + (ρ
s
Σ+ + ρ
s
Σ−)± (ρsΣ+ − ρsΣ−)
+ 2ρsΞ− + 2ρ
s
Ξ0
)]
(ω2 − ~k2), (6)
where the ± signs refer to the K− and K¯0 respectively.
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FIG. 4: The energies of the antikaons (for K− in (a) and for K¯0 in (b)), at zero momentum as functions of the baryon density
(ρB/ρ0), are plotted for fs=0.3 and for different values of the isospin asymmetry parameter, η.
The optical potentials are calculated from the energies of the kaons and antikaons using
U(ω, k) = ω(k)−
√
k2 +m2K , (7)
where mK is the vacuum mass for the kaon (antikaon).
The parameters d1 and d2 are calculated from the empirical values of the KN scattering lengths for I=0 and I=1
channels [29], which are taken as [31, 42, 43]
aKN (I = 0) ≈ −0.09 fm, aKN (I = 1) ≈ −0.31 fm. (8)
leading to the isospin averaged KN scattering length as
a¯KN =
1
4
aKN(I = 0) +
3
4
aKN (I = 1) ≈ −0.255 fm. (9)
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FIG. 5: The kaon energies (for K+ in (a) and for K0 in (b)) in MeV plotted as a functions of the baryon density, ρB/ρ0 for
fs=0.5 and for different values of the isospin asymmetry parameter, η =
1
2
(ρn − ρp)/ρB .
IV. RESULTS AND DISCUSSIONS
The present calculations use the following model parameters. The values, gσN = 10.6, and gζN = −0.47 are
determined by fitting vacuum baryon masses. The other parameters as fitted to the asymmetric nuclear matter
saturation properties in the mean field approximation are: gωN=13.3, gρN=5.5, g4=79.7, gNδ=2.5, mζ =1024.5 MeV,
mσ= 466.5 MeV and mδ=899.5 MeV [30]. The coefficients d1 and d2, calculated from the empirical values of the KN
scattering lengths for I=0 and I=1 channels (8), are 2.56/mK and 0.73/mK respectively.
The kaon and antikaon properties were studied in the isospin symmetric nuclear matter within the chiral SU(3)
model in ref. [28] and in the isospin asymmetric nuclear matter in ref.s [29, 30]. In the present work, we investigate
also the effects of the hyperons on the energies of the kaons and antikaons in the strange hadronic matter. The
contribution from the vector interaction (Weinberg-Tomozawa term) leads to a drop for the antikaon energy, whereas
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FIG. 6: The energies of the antikaons (for K− in (a) and for K¯0 in (b)), at zero momentum as functions of the baryon density
(ρB/ρ0), are plotted for fs=0.5 and for different values of the isospin asymmetry parameter, η.
they are repulsive for the kaons in the asymmetric nuclear medium. There are now contributions from hyperons due
to this vectorial interaction as given in the first term in equation (2). One may note that there is no contribution
arising from either Λ0 or the Σ0- hyperon, for such a baryon-pesudoscalar meson vectorial interaction. The scalar
meson exchange term arising from the scalar-isoscalar fields (σ and ζ) is attractive for both K and K¯ doublets. The
first term of the range term of eq. (2) is repulsive, whereas the second term has an isospin symmetric attractive
contribution for both kaons and antikaons, with contributions arising due to interactions with the baryon octet. The
third term of the range term has an isospin dependence [30] which now takes into account the effects of hyperons, in
addition to contributions from the nucleons.
The isospin asymmetries within the kaon doublet (K+, K0) as well as in antikaon (K−, K¯0) energies arise from
the Weinberg-Tomazawa term due to asymmetry in proton and neutron number densities as well as asymmetries
in the hyperon number densities. They also arise from the scalar-isovector δ field becoming nonzero for the isospin
10
0 250 500 750 1000
-100
-50
0
50
100
U(
k)
(M
eV
)
B= 0
=0.5
=0.3
=0.1(a)
0 250 500 750 1000
-100
-50
0
50
100
U(
k)
(M
eV
)
B= 0
=0.5
=0.3
=0.1
(b)
0 250 500 750 1000
-100
-50
0
50
100
U(
k)
(M
eV
)
B=2 0
(c)
0 250 500 750 1000
-100
-50
0
50
100
U(
k)
(M
eV
)
B=2 0
(d)
0 250 500 750 1000
Momentum, k (MeV)
-100
-50
0
50
100
U(
k)
(M
eV
)
B=4 0
(e)
0 250 500 750 1000
Momentum, k (MeV)
-100
-50
0
50
100
U(
k)
(M
eV
)
B=4 0
(f)
FIG. 7: The kaon optical potentials (for K+ in (a), (c) and (e) and for K0 in (b), (d) and (f)) in MeV for fs=0.1, plotted as
functions of the momentum for various baryon densities, ρB and for different values of the isospin asymmetry parameter, η.
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FIG. 8: The antikaon optical potentials (for K− in (a), (c) and (e) and for K¯0 in (b), (d) and (f)) in MeV for fs=0.1, plotted
as functions of the momentum for various baryon densities, ρB and for different values of the isospin asymmetry parameter, η.
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FIG. 9: The kaon optical potentials (for K+ in (a), (c) and (e) and for K0 in (b), (d) and (f)) in MeV for fs=0.3, plotted as
functions of the momentum for various baryon densities, ρB and for different values of the isospin asymmetry parameter, η.
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FIG. 10: The antikaon optical potentials (for K− in (a), (c) and (e) and for K¯0 in (b), (d) and (f)) in MeV for fs=0.3, plotted
as functions of the momentum for various baryon densities, ρB and for different values of the isospin asymmetry parameter, η.
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FIG. 11: The kaon optical potentials (for K+ in (a), (c) and (e) and for K0 in (b), (d) and (f)) in MeV for fs=0.5, plotted as
functions of the momentum for various baryon densities, ρB and for different values of the isospin asymmetry parameter, η.
15
0 250 500 750 1000
-200
-150
-100
-50
0
U(
k)
(M
eV
)
B= 0
=0.5
=0.3
=0.1
(a)
0 250 500 750 1000
-200
-150
-100
-50
0
U(
k)
(M
eV
)
B= 0
=0.5
=0.3
=0.1
(b)
0 250 500 750 1000
-200
-150
-100
-50
0
U(
k)
(M
eV
)
B=2 0
(c)
0 250 500 750 1000
-200
-150
-100
-50
0
U(
k)
(M
eV
)
B=2 0
(d)
0 250 500 750 1000
Momentum, k (MeV)
-200
-150
-100
-50
0
U(
k)
(M
eV
)
B=4 0
(e)
0 250 500 750 1000
Momentum, k (MeV)
-200
-150
-100
-50
0
U(
k)
(M
eV
) B=4 0
(f)
FIG. 12: The antikaon optical potentials (for K− in (a), (c) and (e) and for K¯0 in (b), (d) and (f)) in MeV for fs=0.5, plotted
as functions of the momentum for various baryon densities, ρB and for different values of the isospin asymmetry parameter, η.
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asymmetric hadronic matter as can be seen from the second term (the scalar exchange term) as well as the in the
range term given by the third term in equation (2). The d2 term in the interaction Lagrangian given by equation (2)
also introduces asymmetries for K+ and K0, as well as for antikaon (K− and K¯0) -energies, arising from both the
nucleon as well as hyperonic sectors. For ρn > ρp, in the kaon sector, K
+ (K0) has negative (positive) contributions
from δ. The δ contribution from the scalar exchange term is positive (negative) for K+ (K0), whereas that arising
from the range term has the opposite sign and dominates over the former contribution.
In figures 1, 3 and 5, the isospin dependent energies of the K+ and K0 at zero momentum, are plotted as functions
of densities for various values of the strangeness fraction, fs =
∑
i
ρHi
2ρB
. For fs=0.1 plotted in figure 1, one sees that
when the density is increased, the masses of the kaons initially increase upto about ρB = ρ0. However, as the density
is further increased, the kaon masses do not show a monotonic rise, but a drop at around this value. When the
strangeness fraction is increased, the masses of the kaons are seen to decrease with increasing density, as one can see
from figures 3 and 5, which correspond to the strangeness fractions, fs=0.3 and 0.5 respectively. This is due to the
fact that the second term of the range term (the d1 term) which is attractive, becomes more and more dominant with
increasing contributions from the hyperons, in addition to nucleons.
For fs=0.1, at ρB = ρ0, the energy of K
+ is seen to drop by about 7 MeV at zero momentum when η changes from
0 to 0.5 whereas the K0 energy is seen to increase by about 10 MeV from the isospin zero case. The reason for the
opposite behavior for the K+ and K0 on the isospin asymmetry in the nuclear medium [29, 30] originates from the
vectorial (Weinberg-Tomozawa), δ meson contribution as well as from the isospin dependent range term (d2- term)
contributions. For K+, the η-dependence of the energy is seen to be less sensitive at higher densities, whereas the
energy of K0 is seen to have a larger drop from the η=0 case, as we increase the density. The isospin asymmetry
in medium modifications of the K+ and K0 mesons are seen to be particularly significant for higher strangeness
fractions at high densities. For fs=0.5, at ρB = ρ0, the drop (increase) in the energy of the K
+ (K0) meson at zero
momentum, from the isospin symmetric case, is about 9 MeV (11 MeV), whereas these become about 30 MeV (42
MeV) at a density of ρB = 4ρ0.
For the antikaons, the K−(K¯0) energy at zero momentum is seen to increase (drop) with the isospin asymmetry
parameter, η, The energies of the antikaons for various values of the strangeness fraction, fs are plotted in figures 2,4
and 6. The sensitivity of the isospin asymmetry dependence of the energies is seen to be larger for K− with density
as compared to K¯0. The isospin asymmetry gives rise to an increase in the mass of the K−-mesons as compared to
the isospin symmetric situation of η=0, and hence would delay the onset on K− condensation to higher densities,
inside the neutron star matter. The energies of the antikaons as functions of densities are plotted for fs=0.1, 0.3 and
0.5 in figures 2, 4 and 6 respectively. The changes in the masses of the K− and K¯0 for fs=0.1, at η=0.5 from the
isospin symmetric case, are 16 MeV (14 MeV) at ρB = ρ0, and at ρB = 4ρ0 are 47 MeV (32 MeV). For strangeness
fraction, fs=0.5, these values are modified to 15 MeV (12 MeV) at rhoB = ρ0 and 45 MeV (37 MeV )for ρB = 4ρ0.
The qualitative behavior of the isospin asymmetry dependencies of the energies of the kaons and antikaons at finite
momenta are reflected in their optical potentials plotted in figures 7, 9 and 11 for the kaons, and in figures 8, 10 and
12 for the antikaons, at selected densities, for strangeness fractions fs =0.1, 0.3 and 0.5 respectively. The different
behavior of the K+ and K0, as well as for the K− and K¯0 optical potentials in the dense asymmetric nuclear matter
should be observed in their production as well as propagation in isospin asymmetric heavy ion collisions. In particular
an experimental study of the K+/K0 as well as K−/K¯0 ratios as well as their collective flow in the asymmetric heavy
ion collision experiments might be promising tools to investigate the isospin effects discussed here. The effects of
the isospin asymmetric optical potentials could thus be observed in nuclear collisions at the CBM experiment at the
proposed project FAIR at GSI, where experiments with neutron rich beams are planned to be implemented.
V. SUMMARY
To summarize, within a chiral SU(3) model we have investigated the density dependence of the kaon and antikaon
optical potentials in asymmetric hyperonic matter, arising from the interactions with the baryon octet (originating
from a vectorial Weinberg-Tomozawa interaction, an isospin symmetric range term and an isospin asymmetric range
term) and due to scalar-isoscalar mesons (σ, ζ) and scalar-isovector δ mesons. The properties of the nucleons,
hyperons and scalar mesons are modified in the hadronic medium and hence due to their interactions with the kaons
and antikaons, modifiy the K(K¯)-meson properties. The model with parameters fitted to reproduce the properties of
hadron masses in vacuum, nuclear matter saturation properties and low energy KN scattering data, takes into account
all terms up to the next to leading order arising in chiral perturbative expansion for the interactions of K(K¯)-mesons
with baryons.
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There is a significant density dependence of the isospin asymmetry on the optical potentials of the kaons and
antikaons. This dependence seems to be even more dominant for larger values of the strangeness fractions in the
dense hadronic matter. The results can be used in heavy-ion simulations that include mean fields for the propagation
of mesons [40]. The different potentials of kaons and antikaons can be particularly relevant for neutron-rich heavy-ion
beams at the CBM experiment at the future project FAIR at GSI, Germany, as well as at the experiments at the
proposed Rare Isotope Accelerator (RIA) laboratory, USA. The K+/K0 as well as K−/K¯0 ratios as well their flow
pattern for different isospin of projectile and target is a promising observable to study these effects. Furthermore,
the medium modification of antikaons due to isospin asymmetry in dense matter can have important consequences,
for example on the onset of antikaon condensation in the bulk charge neutral matter in neutron stars. The effects of
finite temperatures on optical potentials of kaons and antikaons and their possible implications on high energy heavy
ion collision experiments are under investigation.
Acknowledgments
One of the authors (AM) is grateful to the Institut fu¨r Theoretische Physik Frankfurt for the warm hospitality
where the present work was initiated. AM acknowledges financial support from Alexander von Humboldt Stiftung
when this work was initiated. The use of the resources of the Frankfurt Center for Scientific Computing (CSC) is
additionally gratefully acknowledged.
[1] D. B. Kaplan and A. E. Nelson, Phys. Lett. B 175, 57 (1986); A. E. Nelson and D. B. Kaplan, ibid, 192, 193 (1987).
[2] D.B. Blaschke, D. Gomez Dumm, A. G. Grunfeld, T. Kla¨hn, N. N. Soccola, Phys. Rev. C 75, 065804 (2007).
[3] F. Ozel, arXiv: astro-ph/0605106.
[4] T. Kla¨hn et al, Phys. Rev. C 74, 035802 (2006).
[5] D. Best et al., FOPI Collaboration, Nucl. Phys. A 625, 307 (1997).
[6] F. Laue et al., KaoS Collaboration, Phys. Rev. Lett. 82, 1640 (1999).
[7] M. Menzel et al., KaoS Collaboration, Phys. Lett. B 495, 26 (2000).
[8] C. Sturm et al., KaoS Collaboration, Phys. Rev. Lett. 86, 39 (2001).
[9] A. Fo¨rster et al., KaoS Collaboration, J. Phys. G 28, 2011 (2002).
[10] G. Q. Li, C.-H. Lee, and G. E. Brown, Nucl. Phys. A 625, 372 (1997).
[11] C. M. Ko, J. Phys. G 27, 327 (2001).
[12] S. Pal, C. M. Ko, and Z.-W. Lin, Phys. Rev. C 64, 042201 (2001).
[13] W. Cassing, E.L. Bratkovskaya, U. Mosel, S. Teis, and A. Sibirtsev, Nucl. Phys. A 614, 415 (1997).
[14] E. L. Bratkovskaya, W. Cassing, and U. Mosel, Nucl. Phys. A 622, 593 (1997).
[15] W. Cassing and E. L. Bratkovskaya, Phys. Rep. 308, 65 (1999).
[16] W. Cassing, L. Tolo´s, E. L. Bratkovskaya, and A.Ramos, Nucl. Phys. A 727, 59 (2003).
[17] J. Schaffner-Bielich, V. Koch, and M. Effenberger, Nucl. Phys. A 669, 153 (2000).
[18] C. Hartnack, H. Oeschler, and J. Aichelin, Phys. Rev. Lett. 90, 102302 (2003).
[19] C. Fuchs, Amand Faessler, E. Zabrodin, and Yu-Ming Zheng, Phys. Rev. Lett. 86, 1974 (2001); C. Fuchs, nucl-th/0312052.
[20] E. Friedman, A. Gal, and C.J. Batty, Nucl. Phys. A 579, 518 (1994); A. Gal, Nucl. Phys. A 691, 268 (2001); M. Lutz,
Phys. Lett. B 426, 12 (1998); M. Lutz and E. E. Kolomeitsev, Nucl. Phys. A 700, 193 (2002); M. Lutz and C. L. Korpa,
Nucl. Phys. A 700, 309 (2002); A. Ramos and E. Oset, Nucl. Phys. A 671, 481 (2000); L. Tolo´s, A. Ramos, and A. Polls,
Phys. Rev. C 65, 054907 (2002); L. Tolo´s, A. Ramos, A. Polls, and T.T.S. Kuo, Nucl. Phys. A 690, 547 (2001).
[21] M. I. Krivoruchenko, C. Fuchs, B. V. Martemyanov, and A. Faessler, Phys. Rev. D 74, 125019 (2006).
[22] B.A. Li, Phys. Rev. Lett. 88, 192701 (2002); B.A.Li, G.C. Yong and W. Zuo, Phys. Rev. C 71, 014608 (2005); L. W. Chen,
C. M. Ko and B. A. Li, Phys. Rev. C 72, 064606 (2005). T. Gaitanos, M. Di Toro, S. Typee, V. Baran, C. Fuchs, V. Greco,
H.H.Wolter, Nucl. Phys. A 732, 24 (2004); T. Gaitanos, M. Di Toro, G. Ferini, M. Colonna, H. H. Wolter, nucl-th/0402041;
Q. Li, Z. Li, E. Zhao, R. K. Gupta, Phys. Rev. C 71, 054907 (2005); A. Akmal and V. R. Pandharipandhe, Phys. Rev. C
56, 2261 (1997); H. Heiselberg and H. Hjorth-Jensen, Phys. Rep. 328, 237 (2000).
[23] Q. Li, Z. Li, S. Soff, M. Bleicher, H. Sto¨cker, Phys. Rev. C 72, 034613 (2005); Q. Li, Z. Li, S. Soff, M. Bleicher, H. Sto¨cker,
J. Phys. G 32, 151 (2006); Q. Li, Z. Li, S. Soff, M. Bleicher, H. Sto¨cker, J. Phys. G 32, 407 (2006).
[24] Q. Li, Z. Li, S. Soff, R. K. Gupta, M. Bleicher, H. Sto¨cker, J. Phys. G 31, 1359 (2005).
[25] P. Papazoglou, D. Zschiesche, S. Schramm, J. Schaffner-Bielich, H. Sto¨cker, and W. Greiner, Phys. Rev. C 59, 411 (1999).
[26] A. Mishra, K. Balazs, D. Zschiesche, S. Schramm, H. Sto¨cker, and W. Greiner, Phys. Rev. C 69, 024903 (2004).
[27] D. Zschiesche, A. Mishra, S. Schramm, H. Sto¨cker, and W. Greiner, Phys. Rev. C 70, 045202 (2004).
[28] A. Mishra, E. L. Bratkovskaya, J. Schaffner-Bielich, S. Schramm and H. Sto¨cker, Phys. Rev. C 70, 044904 (2004).
18
[29] A. Mishra and S. Schramm, Phys. Rev. C 74, 064904 (2006).
[30] A. Mishra, S. Schramm and W. Greiner, Phys. Rev. C 78, 024901 (2008).
[31] J. Schaffner-Bielich, I. N. Mishustin, J. Bondorf, Nucl. Phys. A 625, 325 (1997).
[32] J. Cohen, Phys. Rev. C 39, 2285 (1989).
[33] S.Weinberg, Phys. Rev. 166 1568 (1968).
[34] S. Coleman, J. Wess, B. Zumino, Phys. Rev. 177 2239 (1969); C.G. Callan, S. Coleman, J. Wess, B. Zumino, Phys. Rev.
177 2247 (1969).
[35] W. A. Bardeen and B. W. Lee, Phys. Rev. 177 2389 (1969).
[36] J. J. Sakurai, Currents and Mesons, University of Chicago Press, Chicago, 1969.
[37] O. Dumbrajs, R. Koch, L. Pilkuhn, G. C. Oades, H. Behrens, J. J. De Swart and P. Kroll, Nucl. Phys. B 216, 277 (1983).
[38] Th. A. Rijken, V. G. J. Stoks, Y. Yamamoto, Phys. Rev. C 59, 21 (1999); V. G. J. Stoks and Th. A. Rijken, Phys. Rev.
C 59, 3009 (1999).
[39] G. Ho¨hler, E. Pietarinen, I. Sabba-Stefanescu, F. Borkowski, G. G. Simon, V. H. Walther, R. D. Wendling, Nucl. Phys. B
114, 505 (1976).
[40] G. Mao, P. Papazoglou, S. Hofmann, S. Schramm, H. Sto¨cker, and W. Greiner, Phys. Rev. C 59, 3381 (1999).
[41] B.Borasoy and U-G. Meissner, Int. J. Mod. Phys. A 11 5183 (1996).
[42] G. E. Brown, C.-H. Lee, M. Rho, and V. Thorsson, Nucl. Phys. A 567, 937 (1994).
[43] T. Barnes and E. S. Swanson, Phys. Rev. C 49, 1166 (1994).
